The most established use of bacterial inoculants is the practice of inoculating legumes with cultures of Rhizobium spp. Of the many inoculant forms available, the most popular formulation is moist, finely powdered peat which is coated on the seed. The peat inoculant is not difficult to produce, usually maintains a high concentration of viable bacteria, and is easy to apply. The conventional means to produce the inoculant involves inoculating neutralized, nonsterile peat with a bacterial suspension of 107 cells per g of peat, which reaches a final population density of approximately 108 to 109 bacteria per g of product (28) . This requires large fermentors and curing facilities. Somasegaran and Halliday (31) showed that peat inoculants with high numbers of viable Rhizobium spp. also can be produced by inoculating with 104 cells per g of sterile peat. The Rhizobium spp. subsequently multiplied in the peat to a peak population density of 108 to 109 bacteria per g without serious competition from contaminants. Others have also documented the improved inoculant quality when the carrier materials were presterilized or heated before the addition of the bacteria (34) (35) (36) (37) .
If the Rhizobium strains are competitive and effective, the peat carrier ultimately controls the quality of the final product (3) . Different batches of peat and peat from various sources differ greatly in composition, structure, pH, and microbial populations. Some peat has been known to contain inhibitors to Rhizobium strains (3). Since peat is organic, complete sterilization by steam or by gamma irradiation is difficult (22) and undesirable because high temperatures and high dosage of irradiation cause the peat to produce toxic by-products (20, 22) and to undergo structural and compositional changes which are unfavorable for subsequent growth and survival of Rhizobium spp. (37 Vermiculite is a hydrated magnesium aluminum iron silicate exfoliated at extremely high temperatures (700 to 1,000°C). The exfoliation process kills microorganisms. Its inorganic and preexpanded nature allows it to be sterilized easily by the common sterilization processes without the risk of producing toxic by-products or causing further structural changes. It is relatively inexpensive and is widely available (19) . The multilamellate structure of vermiculite provides superior aeration and space for microbial proliferation. Our results demonstrate that good-quality inoculants can be produced consistently in vermiculite with many bacterial species without the need of expensive fermentation and incubation facilities. These properties, in conjunction with its anticrusting (11), moisture-holding, and plant growthpromoting (17, 25, 26) abilities, make vermiculite especially attractive for the production of inoculants for agricultural and horticultural uses.
MATERIALS AND METHODS
Bacterial strains. Rhizobium japonicum T1344, S258, K567, T363, and T489; R. phaseoli 899 (F. Bliss, University of Wisconsin-Madison), USDA 2667, and USDA 2668 (D. Weber, U.S. Department of Agriculture, Beltsville, Md.); R. meliloti 102F51; and R. legminosarum 128C5 (J. Handelsman, University of Wisconsin-Madison) were cultured in a yeast extract-mannitol broth (43) . Pseudomonas putida A12 (CFS hybrids 4004, 6007, 5504, and 7801) were coated with 4 g of inoculant per pound of seed with Pelgel (Nitragin, Milwaukee, Wis.) or xanthan gum (Sigma Chemical Co., St. Louis, Mo.) as a sticker. The coated seeds were allowed to dry for several hours, and then 10 seeds were suspended in 10 ml of nutrient broth or sterile distilled water. The samples were serially diluted and then plated to determine the bacterial population.
RESULTS AND DISCUSSION
Particle sizes in the range of 45 to 80 mesh provide the best moisture-holding capacity and enable the final inoculant product to adhere uniformly to the seed surface. For fermentation of R. japonicum, no significant effects are apparent by varying the incubation temperatures from 23 to 30°C or by varying the nutrient/carrier ratio from 1 to 2 (Table 1) . At a ratio of 2, the final product is wet, and unless the product is planned for prolonged storage (e.g., more than 6 months), a ratio of 1.5 provides the best moisture content for routine handling. For all tested bacterial strains, incubation at elevated temperature is not necessary since fermentation at room temperature eventually produces final products with population densities of 108 to 109 bacteria per g (see Tables 2  to 5 ) after 12 days. Even with the slow-growing R. japonicum strains, fermentation at room temperature on vermiculite requires no more than 7 days (Tables 2 and 3) for the bacterial population density to reach 108 per g. This is comparable to the growth of these organisms in either shake flasks or aerated carboys at 30°C. For faster growing strains, (Table 3) , fermentation on vermiculite at room temperature requires no more than 3 days to achieve a multiplication factor of 106. Bacterial inoculants produced by the procedure described above are very stable and require no special storage. Table 2 demonstrates the stability of R. japonicum inoculants stored at room temperature for 1 month. The bacterial population density in the four separate batches remained at >109 bacteria per g. Provided no significant moisture loss occurs through leakage from the container, the number of viable bacteria in the inoculants is usually between 108 and 109 per g of final product after storage at room temperature for 1 year.
The direct fermentation procedure and the ability of the final inoculant product to maintain a high population density are not limited to R. japonicum. Tables 3, 4 , and 5 demonstrate the applicability of the procedure and the consistent results that can be obtained with a wide range of microbes. More than 30 different bacterial inoculants have been produced by direct fermentation on nutrient-supplemented vermiculite, and they maintain at least 108 bacteria per g after storage at room temperature for up to 28 days. Over a period of 3 months, we have prepared and stored at room temperature 73 different batches of Rhizobium inoculants, using five different strains. The consistent quality of some of these inoculants is demonstrated in Table 5 .
The vermiculite-based inoculant has good seed-sticking properties. Without the use of any polymer-based sticker, 104 to 105 rhizobia per seed can easily be adhered to soybean seeds. The number of viable rhizobia on the seeds does not change significantly for at least 1 day if stored at room temperature. Prolonged storage of the coated seeds, however, decreases the number of viable rhizobia to about 103 per seed after 7 days. The decrease may be due to the physical detachment of the inoculant from the seeds or to the death of the microbes through desiccation and toxicity from substances released by the seeds. Adherence of the vermiculite-based inoculant to corn seeds is less efficient. This is due to the waxy surface of the corn kernels. However, with the use of commercial seed stickers (such as xanthan gum and Pelgel), adherence of >104 bacteria per seed can be obtained routinely. 
